SUMMARY Pulmonary and systemic hemodynamics in 16 hypertensive subjects (group I) with left ventricular (LV) hypertrophy (ECG and echo criteria) and in 17 hypertensive subjects with ECG signs of LV strain (group II), were compared with those in 14 normal individuals. An augmented pulmonary arteriolar resistance (PAR) in group I and to a larger extent in group II accounted for the pulmonary pressure elevation in both groups. Increase in PAR was unrelated to pulmonary blood flow and volume, pleural pressure, arterial PO2, PCO2 and pH, and could not be explained entirely by the left ventricular end-diastolic pressure changes.
In group I, left (L.MSEJR) and right (R.MSEJR) mean systolic ejection rate, stroke index (SI) and mean velocity of circumferential AVAILABLE INFORMATION on the dynamics of the right side of the heart and lesser circulation in systemic hypertension is scanty and somewhat discordant. Normal values of pulmonary pressure in subjects with systemic hypertension have been recorded in some studies.1' 2 Elevated values were detected in hypertensive patients with fiber shortening (VCF) were enhanced in spite of the heightened pressure load on both sides of the heart. In group II, a large reduction of SI, L.MSEJR, R.MSEJR and VCF, as well as the relationship between ventricular filling pressures and SI, documented a compromised performance of both ventricles.
Findings indicate that: systemic hypertension is associated with elevation of pulmonary arterial pressure and of PAR which is not necessarily a consequence of impairment in LV function; LV hypertrophy is associated with enhanced performance of either ventricle; in coincidence with development of ECG signs of LV strain, the performance of both sides of the heart deteriorates.
A functional interdependence of the two ventricles is suggested.
left ventricular failure and were interpreted as a backward effect of this dysfunction. Healthy volunteers or patients in the hospital without signs of circulatory disorders and without medications which could interfere with their cardiovascular function, were also investigated as controls (14 cases) . All subjects involved in the study gave free consent to the investigation with full knowledge of the procedures to be undertaken.
One week after the admission, during which the diagnosis of essential hypertension was made, and after the patients had been familiarized with the laboratory as well as with the investigators, circulatory measurements were performed in the fasting state, in the supine position, without premedication. A number 7 flow-directed Swan-Ganz catheter was inserted percutaneously, under local anesthesia, into an antecubital vein and floated, under fluoroscopy, to the pulmonary artery or advanced to the wedge position. A number 6 polyethylene radiopaque catheter, introduced percutaneously into a brachial artery and advanced to the root of the aorta, was used to monitor arterial pressure and to sample blood for cardiac output. Reproducible dye dilution curves were obtained by a Gilford densitometer after rapid injection of indocyanine green dye (5 mg) into the main pulmonary artery just beyond the pulmonary valve. The area under each dye dilution curve was measured by a planimeter; cardiac output and pulmonary blood volume were calculated by the standard Hamilton method.8 The mean transit time was corrected for the delay, which was determined directly in each case, introduced by the sampling system, including catheter and densitometer cuvette.
Pressures were determined with Statham P23De and P23Db strain gauge transducers, which were balanced against atmospheric pressure. The zero reference level for pressure recordings was 5 cm below the sternal angle. Mean pressures were obtained by electronic damping. The criteria for a satisfactory pulmonary artery wedge pressure were: change from the typical pulmonary artery pressure waveform to the typical pulmonary artery wedge pressure waveform upon inflation of the balloon catheter, and a mean pressure step-up upon deflation of the balloon catheter. The pulmonary artery wedge pressure was characterized by distinct "a" where AP is mean systemic arterial pressure, PP is mean pulmonary arterial pressure, RAP is mean right atrial pressure, PWP is mean pulmonary arterial wedge pressure, and CO is cardiac output. In each subject pleural pressure was estimated according to the method indicated by Milic-Emili et al.10 In brief, a rubber 2 ml volume esophageal balloon was introduced through the nose into the esophagus, placed at a distance of 45 cm from the balloon tip to the nares, and connected to a pressure transducer through a polyethylene tube. Pleural pressure and circulatory variables were recorded simultaneously on the same recording system during quiet regular respiration.
Echocardiography was performed in all of the subjects with an ECHO-Cardio-VISOR, Organon ventricle, as evaluated through the variations in the mean rate of systolic ejection (R.MSEJR), was similar to the one of the left ventricle. Figure 2 reports the relationship between stroke index and filling pressure of the right (end-diastolic pressure) and left ("a" wave in the pulmonary wedge pressure tracing) ventricles. This analysis provides further evidence that in hypertensive subjects both sides of the heart were involved in the same functional changes. In fact, in either side elevated filling pressures were associated with a somewhat augmented stroke index in group I, while comparable filling pressures were associated with a greatly reduced stroke index in group II. Discussion Pulmonary systolic, diastolic and mean wedge pressures were equivalent between the hypertensives, and significantly higher than in the normals. Age or somatic characteristics seem unrelated to such differences, because both were similar among the three groups.
Cardiac output was normal in group I and significantly reduced in group II; since the driving pressure across the lung was augmented in either group, pressure elevation in the pulmonary artery depended on an increased pulmonary arteriolar resistance.
Many factors are conceivably involved in a change in pulmonary arteriolar resistance; the major factors are of mechanical (pulmonary blood flow and volume, intrathoracic and alveolar pressures, back pressure from the left atrium and pulmonary veins) or vasomotor origin (respiratory gases, autonomic nervous system, catecholamines)." 18 Respiratory gases, pH of the blood and pulmonary blood volume do not seem to be responsible for an altered pulmonary vasomotility, because all of these variables were comparable between hypertensive and control subjects. Probably, blood flow was also unrelated to changes in pulmonary arteriolar resistance since it was normal in group I and reduced in group II, while pulmonary arteriolar resistance was elevated in either group. Pleural pressure, as estimated by an esophageal balloon during quiet regular respiration, was equivalent in the three groups; alveolar pressure was not determined, but no reason was seen for an increase in hypertensive patients. Therefore, extramural pressures can be excluded as important determinants of the differences in intraluminar pressure and arteriolar resistance between controls and hypertensives. Elevation in left ventricular end-diastolic pressure may well account for a rise in pulmonary arteriolar resistance. Recently, Atkins and coworkers19 suggested that only a sustained elevation of back pressure from the left heart assumes increasing importance in determining pulmonary vascular resistance in hypertension. They found a high degree of correlation between pulmonary vascular resistance and wedge pressures greater than 20 mm Hg, but failed to see a relationship between the two parameters in subjects having a pulmonary wedge pressure lower than 20 mm Hg, although many of them presented an increased pulmonary vascular resistance. In our patients both pulmonary wedge pressure ( fig. 1 ) and left ventricular end-diastolic pressure ( fig. 2 ) were moderately elevated (lower than 20 mm Hg in each subject) and, in keeping with previous findings, were not related to the level of pulmonary vascular resistance. Pulmonary vascular resistance, in fact, was significantly higher in group II, while left ventricular filling pressure ( fig. 2 ) was equal in the two hypertensive groups.
These considerations raise the possibility that the former variable was not fully dependent upon the latter. It should be remembered that all measurements were made at rest and that during normal activity the pulmonary wedge pressure could have been higher in the hypertensive groups, especially in group II. On the basis of the relationship existing between changes in systemic and pulmonary vascular resistance, an alternative explanation might be that a common mechanism produces vasoconstriction in the greater and in the lesser circulation. 
